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NACA RM No. L7C24a RESTRICTED

NATIONAL ADVISCRY COMMITTEE FCR AERCNAUTICS

FESFARCH MEMORANDUM

INVESTICATION OF INTAKE DUCTS FOR A HIGH~GFRED
EUBSONIC JET-PROPELLED AIRPLANG

By Herbert N. Cohern

SULVARY

Renults of pressure-locs ieasurements are presented for full-seale
models of two sliernute ducts under consideration for use in the
induetion system of an experimental Jet-propalled airplene designed for
fligrt at high subsonic speeds. Supplementary pressure-loss meesure-
ments were madc on the better of the two ducts, designated duet II,
first witk carborundum grains in the duct inlet and then vith a
spoiler in order to obtain an indication of the impcrtance of inlet
roughness and surface discentinuities. Additionsl measvrements were
made of duet II incorporating a horizontal "splitter" vane whiech was
under considergztion for strueturzl reasonz.

For standard sea-level inlct eonditions, the prassure loss for
duet II at the maxirnur test ajr-flow rote of 27 pounds per sceond vas

ghout 8 pounda per square foot or only 37 pereent of the loss for
dunt I. The prussure losses of duet II were increased approximately
50 pereent by the inatallation of the splitter vane er the use of tho
earbormundun grains end about 700 percent by the use of the spoiler.

TITRODUCTICN

In the desicn of an experimentel Jcet-rropelled airplane intended
for flight at high subsonie speeds, several alternate duet geometries
for use in the air-induetion system have besn under eonsiderstion.
Pressure losses of fullescale modols of the propesed duets were there-
fore measured in order that their suitability to the requirements of
the airplane might bo evaluated. The airplane, whieh hes a8 jJet engine
located in the fuselage dircctly behind tlie pilot's seat, is illustrated
&3 figure 1. The air-induetion system has a single nose inlct, irmedie
ately behind whieh the duct divides to pass around the pilot's scat and
vheel well and Joins again at the inlet to the Jet engine., Wind-tunnel
teats of a similar arrangerent were proviously reported in referenes 1,
The duct decignated duct I was dusigned to minimize the frontal area of
the airplane and neecssarily oparcted 2t high internal flow velocitics.

RESTRICTED
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Eetimatee of the performance of thia duct based on data such as those
of reforenco 2 indicated tuat the intoinsl loesos would be excessive.
Duct IT was therefore deaignod to incorporate larger internal paesagss,
wherovor pcasiblg in order to roduce the ducting loseea. Thie increase
in duct area wae accompliched at tie expense of a 20-porcent Incroaes
in fuselage frontal aroey it wae believed, hcwever, that thla incrvase
could be effected without impairing tho perfurmanco of tho airplazne.

The proasure lossee for both Aucts were msesured over & range of
weight rate of air flew. In order to obtain an indication of the effecta
of rinich und workm.nship on the ducts, prossure lcsscs of tho second
duct wore also measured first with carborundum graine and then with a
spoiler in the duct inlot. Moasurements of the eecond duct wero then
répoated aftor installing a lcng hoxizontal “eplitter" vane which was
under consideration for structural reascns.

The inveatigation was conducted at tho Langloy induction
aerodynamica labornticry of tho NACA.
SYMBOLS

total pressuro, pcunds per equare foot

average total pressure, pounds per square foot

dynamic pressure,pounds per square foot ! %,wa)

\

velocity, feot pur second
welght rate of air flow, pounds per sscond
med deneity of air, slugs per cubic foot

relstivo density, thet 18, ratio of deneity of air et duct inlet
to standzrd deneity (pi/po)

Cubscripte:
e at duct exit
i at duct inlet

l any locel point in o duct eection
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for standerd sea=le—el conditions (29.92 in. g absolute
pressure and 60° F teupersture)

max  maximun
MODELS AlD APPLRATUS

Lines of the original dust (duct I) and the redesigned duct
(duct II) are shown in figures 2(a) ana 2(b), respectively. Only the
right half of thg symmatrical ducts was reproducced for the tests.
Views of the inltts for both ducts and of the cxit for duct I are
shown in figures 2 and L, respectively. The short rear splitter vane
for duct I, indicated in figure 2(a), is chown also in figure L. The
long horizontal splitter wene that was consicered for use with cuct II
is indicated by the short dashed lines in figure 2(b) and is shown in
a disasscrbled view of the duct in figure 5., Cross-sccticnal areas
and lydrsulic diameters for scveral stations of dust I, duct II, and
duct II with the splitter vane are given in table I.

The test setup is shown in & diagrammatic sketch in figure 4(a)
and in a photograph in figure 6{b). The apparatus, in general, con-
sisted of a blowsr, an air-flew symetry contrpl apparstus, a oleed
arrangerent to eliminate boundary leyer at the irlet, & eslitrated
venturi meter, and adapter ducts. A dumm~ duct on the left side with
an inlet the same as that for the test duct was used to obtain a
svmnetrical inlet flow, A resistor control valve was provided at
the exit of the dummy cduct to rogulate the flow. (See fig. 6(a).)

Rakes used for measuring duct-inlet and duct-outlet totzl end
static pressures are shovm in fipures ki, 5, and 7. The reference
pressure for use in correlating the ralee data was obtained for
duct I by use of a total-pressure tube located upstream fron the eir
intake., The reference pressure for duct II was obtained from a
shielded total-pressure tube placed in the dummy-duct inlet. (Sce
fig. 3(u).) Wall stetic-pressure openings pleced symmetrically in
the dummy duct and in the test duct a short distance dovmstream from
the inlcts were used as a guide in cstcblishing syarctry of flow in
the combined inlets. (See figs. 3(a) =nd 5.) Additional instrumen-
tation consisted of two U~tube manometcrs connected differentially to
each pair of wall static-pressure openings, a calibrated venturi mcter,
a multiple-tube manomcter, and a cemera erranged to photograph the
manometer,
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TESTS AND LETHODS

Tzsts were made first to determine tho size of the bleeder
necessary to remove the boundary layer ahead of the test duct. The
blecd width wes increased until the deficiency in total pressure of
the air flow near the cduct wall was reduced to a negligible guantity
throughout the entire flow range. The bleed width so determined was
used throughout the pressure-loss tests.

After the bleed setting was deternined, the resistor control
was adjusted for flow symmetry, which was indicated by null readings
on the U-tubs manometers., Pressure losses in the test ducts were then
measurec over a range of alr-flow rate cxteunsive enough to include
important scale effects., In thesc tests, pressures were measured
first at the duct inlet; tha inlet rakes werc then removed before
pressures wcre measured at the exit to avoid including the vake
losses of the inlet rakesin the results., Results were put on & cormon
basis by the vso of the reference pressures.

Duct II was tested also with simulated mamfacturing roughness
in the inlet, This roughness was obtained by a L-inch coating of
Ho. 60 (0.012-inch average diameter) carborundwa grains attached to
the surface with shellac, (See fiz. 3(b).) After the sarborundum
was removed, the worst conceivsble construction defect was simulated

by a brass-rod spoiler of ]-:%Linch-SQ11am section placed in the

inlet. (See fig. 3(c).)
RESULTS AND DISCUSSICH

Because of the characteristics of the setup, the entry condi-
tions correspond to thase for an installation operating with the
airplanc in level flight ot aun inlet-velocity ratio near 1. Although
the inflow for theac¢ tests docs not simulate any flight conditions
for this airplane, the pressurc-loss results are believed to be con-
sorvative for the high-speed condition at which the divergence of tha
entering streamiines would tend to aid the internal diffusion. No
serious decrcase in duet performance is cxpectud over the very limited
range of angle of attack for which high performance is required for
such an airplane.
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Total Pressure end Velocity Distribution of Duct Exits

A ropresentative ddstritution of velocity ond total-preesure
deficlency in tho duct exit is ehown in figure &(a) for duct I and
in figure 8(b) for duct II. The velocity distribution is presented
in terms of tho ratio of local velocity to meximum velocity measurod

v
at the duct oxit ¥ s The total-proassuro doficiency 1s preeonted

Cmax
in the form of a locel. preesure-loss coefficient baesod on the duct-
Hy - Hey
R e
local volocity and incresses in local preesurc-logs coefficlente that

occur near the wsll of the duct appsar to be somevhat lces for duct IT
then for duct I.

inlet total snd dynamic yrossurece Tho reductions in

Proseure Losson

Tho preecure-loes recults ere presented in the form of duct

Hy = H
pressurc-loss coefficlente -4 2 2 an¢ aboolute preospuro losses
i

corrocted to standard conditions oy (f-fi - '-I-(,) +» Tho proscure-loss

coofficiont hee the advantago of becoming approximately independent
of air flow at the high rates of flow. The corrected duct proesure
loss is necossary to permit direct compnrisone of losses for ducte
that diffor in inlot arsa.

Duct pressure-lose coofficients besed on average pregsures ars
given in rigure 9 ovsr a renye of alr-flow rate for duct I, for dust II,
end for duct IT with splitter vens, with cerborundum graine,=nd with
epoller. Presaure-lose coefficients for duct I rangod from cbout
0.52 at an air-flow rate of 4 pounds per second to about 0.19 at on
alr-flow rate of 27 pownds per second. Abovo en sir-flow rate of
10 pounde per eocond, the curve tends to flatten out. Because of the
elow decreaee in preasure-loss coefficient at tho high rates of flow,
it ie belleved that this cwrvo may bo cxtravolated with 1ittlo error.

The preseuro-loss cosfficients for duct XTI (fig. 9) renge from
0.17 at an air-flow rats of 4 pounde per socond to 0.06 at en air-flow
rate of 27 pounde psr second. In general, the veriation of prossuro-
loge coefficient with air-flow rato is similar in character for duct IT
end duct I. Because the inlot areas of the two ducts are not the
eame, the ratlo of presewre-loms coefficients will differ from tho
ratio of abeolute pregsure losscs at any given air-flow rate.
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An incroase in pressure-loss coefficient was obtmined when the
splittor vane wus Iinserted in duct II. At 27 pounds of air flow per
socond, the pressure-loss coefficient increased frcm 0.06 without the
oplittor vane to 0.09 with the vane - a 50-percent increaso. - (Soe
fig. 9.) This largo increase in loss can be attridbuted to the
increase in wotted area and slight decrease in croes-sectional areca
that resulted from inserticn of the vano. 5

The curve of prevsure-loss coefficient cbtained for duct IT with
carborundum grains in the inlet closely upproximatos thut which was
cbtained for duct II with the splittor vans. (Ses fig. §.) .
Installation of a spoiler around thu perimeter of the inlet of duct II
produced lurge increases in the pressurv-loss coofficlent at all but
the very lowest air-flew rate and changud the character of tha variution
of loss ooeff'icient with alr flew. At the highest air flows tho
pressuro-loss cocfricient of duct II increased zbcout TOO porcent with
the additica of the spuiler. The 1iso in prossure-loss coofficient
with increoasing alr flcw, in oontrast to tho decrousing characteristic
obteined without the gpoiler, may be indicetive of the occuwrrence of
secpuration and tho foimation of & flow puttern simllar to & vena
contruncta. On the basis of those rosults it is desircdble to avoid
roughness or discentinuitios (such as a faulty Joint) at the diot inlet.

An arithmetic meun of the prossurua wus used in computing the
pressure-loss coofficlents of figure 9 in ordor to fucilitato compu-
tation of the urgently needvd. camparative data. The prossure-loss
coofficionts for duct IT and duct IT with splittor veue, the moro
importunt ducts, were nlao cemputod by flow-weighted integration
methods. (Sce fig. 10.) The prossure-loas cocfficients obtained by
the integration mothod tor duct II and duct II with splittor vane are
about 10 porcunt greater than those cbtained by tho arithmetic averago.

The variations of correctod duct pressure loss of (ﬁi ] ﬁa)

with weight rate of air flow are shown in figure 11, which wus dorived
from the data preosented in figure 9. Sincw the ordinate of figure 11
repre3donts abasclute lossee instead of coefficients involving the
goometry of tho inlot, tho relative merits of the teat configurations
can be dotormined diroctly from this figure. Duct II is shown to hawe
the lowest lossos throughout ths cntire rangs ¢ ul~-flow rute. At

27 pounds of uir flow per second, the muximum flow rato teated, the
losa in duct I for standard seu-luvel denaity =t tho duct inlet was
about 21..5 pounds per square foot,compared with a2 value of about

8 pounds per equare foot for duct II.
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Totel Presoure end Volocity Distribution of Duct Exite

A ropresentative cdistribution of velocity and totel-prcesure
deficiency in tho duct exit is shown in figure 8(=) for duct I end
in figure 8(b) for duct II. The velocity dietribution is preeented
in terms of the ratio of local velocity to maximum velocity measurod

v,
at the duct exit if—g—L' The total-pressure deficicncy is presented

‘max
in tho form of a locel pressure-lons coefficient basod on the duct-

Hy - H
inlet total and dynamic pressures -4 a1 gl' The reductions in

local velocity and incroasesc in local pressure-lose cocfficients that
occur near the wall of the duct appear to be somewvhat loes for duct IT
than for duct I.

Prosesuro Lossos

The preecure-loss recults ere prescnted in the form of duct
By - H

prosouro-loss cocfficients 1 p £ ena abgolute propssure loesee
i

corrocted to etandard conditione o4(H; - H,). The pressurc-lose

coefficient hes the advantago of becoming approximatcly independent
of air flow at the high rates of flow. The corrected duct preesuro
loss ie necossary to permit direct comparisons of loesee for ducte
that differ in inlot area.

Duct pressure-loss coefficlents based on average pressuree are
given in rigure 9 over & renpge of air-flow rate for duct I, for duct II,
end for duct IT with splitter vane, with carborundim grains,and with
epoller. Presowre-loes coefficients for duct I ranged from =bout
0.52 at en air-flow rate of 4 pownds per eocond to about 0.19 at an
alr-flow rate of 27 pounds per second. Above en cir-flow rate of
10 pounds per second, the curve tonds to flatten out. Because of the
8lovw decresso in pressure-loms coeff'icient at the high rates of flow,
it ie believed that this curve may bo extrapoleted with 1little error.

The pressure-loss coefficiente for duct IT (fig. 9) renge from
0.17 at an air-flow rate of % pounde per eccond to 0.06 at an eir-flow
rate of 27 poundn per second. TYn zeneral, the variation of pressurc-
lose coefficient with air-flow rate is eimilar in character for duct II
end duct I. Beceuse the inlet areas of the two ducts are not the
same, the ratio of premsuro-lons coefficients will differ from the
ratio of ebsolute pressure looscs at eny glven air-flow rate.
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An increage in pressure-loss coefficiont was obtained when the
splitter vano wus insortsd in duct II. At 27 pounds of alyr flow per
second, ths pressure-leosa coefficlsnt incrensed frem 0.06 without the
splittor vane to 0.09 with the vane - a 50-percent incresso. (Soo
fig. 9.) This large increase in loss can bo attributsd to the
increane in wetted area and slight dscrease in crouss-eectional aroa
that rosulted from insertion of the vano.

The curve of pressure-lodd coefficlent obtalned for duct IT with
carborundum ¢graina in the inlet closely approximates thut which was
obtalned tor duct II with the splitter vane. (See fig. 9.)
Installation of a apdller around tho purimster of the inlst of duct II
produced large increases in the prossurv-loss coefficient at all dut
the very lowust sir-flow rate and changsd the charucter.of tho variution
of "loss coefficlent with air flcw. At ths highest alr flows the
prossuro-loss cceefficient of' duct II increased zbout 700 percent with
the additicn of tho spoiler. Tho rise in preossuro-loas cocfficlent
with incroasing air flow, in coutrast to tho decrousing characturistic
obtednod without ths cpoller, may be indicative of the occurrence of
separation end the formmativi of o flow puttern similar to a vena
contructa. On the buasis of these rosults it 1s desiradble to avold
roughnoss or dlscontinuiticas (such as a faulty joint). at the dust inlet.

An arithmetic meun of tho prossurcva was used in computing the
pressure-loas coofficlente of figure 9 in order to facllitatv compu-
tation of the urgently nvedod comparative dsta. The prossure-loss
coofficients for duct II and-duct II with gplittor vane, the moro
impertunt, ducts, were alao computud by flow-weighted integration
methods. (See fig. 10.) The prossure-loas cocfflcients obtained by
the integration mcthod f'or duct II sand duct IT with splitter vane are
about 10 percent greater than those obtained by the arithmetic average.

Tho varistions of correctod duct pressurs loss gy (H; = @)

with weight rate of air flow are shown in figure 11, vhich was derived
from the data prosented in figure 9. 3Sinco tho ordinate of figure 11
ropreaonta absolute looses instead of coofficients involving the
geomotry of tho inlot, the relative merita of tho teat configurations
can bo dotormined directly from this fipure. Duct II is shown to hawe
tho lowest loases throughout the entiro rungs of ul~Tlow rute. At

27 pounda of air tlow per socond, tho maximum flow rate tosted, the
loss in duct I for standard sou-luvel denaity =t tho duct inlet was
about 21.5 pounda per sgquare fooi, compared with s value of ebout

8 pounds per square foot for duct II.
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CONCLUSIONS

An investigation to determine the pressure losses of intake
ducta for e high-speed subsonic Jet-propelled ejrplane indiceated
the following results expressed in the form cf arithmetic preeasure
averagoes:

1. The preseure losces for ducts I and II at en alr-flow rate
of 27 pounde per second wore 19 percent and 6 percent, respectively,
of the dynamic pressurc at the inlot.

2. For standnrd sea-level inlet conditiona, the pressure lose
for duct I at the max!mum test air-flow rate of 27 pounds per second
wag about B pcunds per squars foot or only 37 percent of the loes for
duct I. 7This percentage is not the smme as the ratio of the losace
expreesed in percent of the inlet dynamic preseure because of inequal-
ity of the duct-inlet areas.

3. The preeocure loss for duct II with the splitter vano et
en air-flow rate of 27 pounds per second was 9 percent of the dynamic
presoure at the inlet, a value 50 percent greater than the lose for
duct II.

k. It is highly desirable to avoid roughnesa or discontinuities
(such ee a faulty Joint) at the duct inlot. A moderate umount of
roughnoss at the inlet incroesed the duct prsasure losa by S5C percent;

& eufficlently large inlet diecontinuity increasod the duct pressure
loss by about TOO percent.

Langley Memorizl Aeronautical Leboratory
National Advieory Camitteve for Aeronautice
Langley Field, Ve.
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TABLE I.- CROSS-SECTIONAL AREAS AND
HYDRAULIC DIAMETERS OF DUCTS

Hydraulic diameter
(o)

Cross-sectional area
(eq in.)

Duct T

10.438 151
15.0 164
60.0 259
91.0 284
160.0 231
167.0 220

Duct IT with eplitter vane

10.438
15.0
60.0 10.90
91.0 11.10
160.0 . 10.40
167.0 11.05

B The hydravlic diameter 18 4 times the cross-sectional area’
divided by the wetted perimeter.

NATTONAL ADVISORY
COM/ITTEE FOR AERONAUTICS
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Figure 2.- Internal lines of airplane inducticn system.
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Relarence total- i No. 60 carborundum grains
Fressure tube shellacked to surface (white
50 spots indicate grains)

Inlet of duct II showing carborundum grains on surface.

Figure 3.- Continued.
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' Reference total-
pressure tube

NACA
LMAL 48286

(c) Inlet of duct II with spoiler

Figure 3.- Concluded.
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Figure 11.- Variation of corrected duct preesure lcss with weight
rate of air flow. Slopes measured above 12 pounds per second.
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